Temperatures that vary spatially and temporally over the soybean growing areas affect soybean seed yield and quality. Five day/night temperature, 21/13, 25/17, 29/21, 33/25, and 37/29 °C, effects on total biomass, yield, and seed quality parameters were investigated on indeterminate (Asgrow AG5332, AG) and determinate (Progeny P5333RY, PR) soybean cultivars. The cultivar by temperature interaction was significant for total biomass, seed yield, protein, oil, palmitic acid, oleic acid, linolenic acid, raffinose, and stachyose. Quadratic functions best described the response of yield to temperature, the optimum temperature for maximum yield was 26 °C for AG, and 23 °C for PR. Temperature affected all seed quality parameters in both cultivars. Seed protein concentration was slightly higher at the two lower and higher temperatures than at 29/21 °C. Seed oil concentration increased with temperature up to 26 °C for AG and 25 °C for PR and declined at higher temperatures. Palmitic acids showed quadratic responses to temperature with a significant interaction between cultivars while stearic acid showed a similar quadratic response in both cultivars. Oleic acid increased with increasing temperature while linolenic and linoleic acids declined linearly with temperature. Sucrose concentration declined with an increase in temperature in both the cultivars. Raffinose and stachyose concentrations in the two cultivars responded differently to temperature and declined with increasing temperature. The effects of temperature on yield and seed quality that are described in this research can be used to improve crop growth models and the management of soybean under climate change.
Environmental factors including temperature (Gibson and Mullen, 1996) and soil moisture (Wijewardana et al., 2018a) during reproductive stages play an important role in the soybean production system. Soybean physicochemical parameters, including seed yield, protein, oil, fatty acid, and carbohydrates are sensitive to temperature. Several studies documented temperature effects on soybean seed yield and seed quality. Most of those studies were conducted either at field conditions (Cherry et al., 1985; Hou et al., 2006) where other environmental factors co-vary or in greenhouse conditions (Baker et al., 1989; Gibson and Mullen, 1996; Ohnishi et al., 2010; Wolf et al., 1982) with unrealistic growing season radiation environment. In addition, many studies used a narrow range of temperature treatments that ranged from either low to optimum (Hume and Jackson, 1981; Piper and Boote, 1999) or from optimum to high-temperature conditions (Allen et al., 2018; Thomas et al., 2010) . Therefore, studies are needed under a wide range of temperatures that could represent global soybean production areas under realistic solar radiation environments.
The effect of temperature on the growth and development of soybean varies as a function of the growth stage and can have secondary adverse effects on seed yield. During the vegetative (Vn) stages, the optimal temperature for reproductive growth and development is 30 °C (Hesketh et al., 1973) . Conversely, during the reproductive (Rn) stages, the optimal temperature for seed yield varies between 22 and 24 °C (Hatfield et al., 2011) . Even modest deviations from the optimal during the R stages can hurt seed yield and quality (Egli et al., 2005; Ohnishi et al., 2010; Wolf et al., 1982) . Low temperatures, 15/10 °C day/night, 3-4 days before anthesis, affected the fertilization process and thus seed-set resulting in lower seed yield (Ohnishi et al., 2010) . Similarly, the high daytime temperature of 39 °C or nighttime temperature over 29 °C, have been reported to reduce pollen germination and viability resulting in lower seed yield (Djanaguiraman et al., 2013) . The even moderate temperature of 35 °C from flowering to maturity for 10 h d -1 caused 27% seed yield reduction compared to optimum temperature condition (Gibson and Mullen, 1996) . Baker et al. (1989) reported that individual seed weight decreased with increasing temperature, and the highest reduction occurred at 39/29 °C.
The effect of temperature on soybean seed quality and composition is incompletely understood. In general, soybean cultivars acclimated to southern growing environments showed higher protein and lower oil content compared to cultivars and environments in the US Midwestern environments (Rotundo and Westgate, 2009; Vallyodon and Nguyen, 2012) . Therefore, functional algorithms under a wide range of temperatures are needed to improve soybean models for field applications (Allen and Boote, 2000; Shiraiwa et al., 2006) . The objectives of this research were to investigate temperature effects on soybean seed yield, quality, and composition under optimum water and nutrient conditions using sunlit plant growth chambers and to develop functional algorithms for temperature and seed yield and quality parameters that are important to both human and animal nutrition.
MATERIALS AND METHODS
This research was conducted in the Soil-Plant-Atmosphere-Research (SPAR) units located at the Environmental Plant Physiology Laboratory, Mississippi State University, MS. Briefly, each SPAR unit consists of a steel soil bin, 1-m deep by 2-m long by 0.5-m wide, and an aboveground Plexiglas chamber mounted on top of the soil bin, 2.5-m tall by 2-m long by 1.5-m wide (Reddy et al., 2001) . The soil bin accommodates the root system, while the Plexiglas chamber accommodates the shoot system. As previously described by Reddy et al. 2001, Environmental conditions are controlled and monitored within the SPAR units, while solar radiation outside the units is monitored with a pyranometer (Model 4-8; The Eppley Laboratory Inc., Newport, RI). Variable-density black shade cloths placed around the edges of plants were adjusted regularly to match plant height to simulate natural shading of border plants.
Plant Culture and Temperature Treatments
The experimental design was a 2×5 factorial with 12 replications in a completely randomized arrangement. Factor one was cultivar and included two cultivars from maturity group V lines with divergent growth habits, Asgrow AG5332 (AG) representing an indeterminate growth habit and Progeny P5333 RY (PR) representing a determinate growth habit. Factor two was the day/night temperature and included five levels: 21/13, 25/17, 29/21, 33/25, and 37/29 °C. Four soybean seed were sown in PVC pots with 30.5-cm tall and 15.2-cm diameter. Pots were previously filled with a 3:1 v/v mixture of soil: sand. Upon emergence, stands were thinned to 1 plant per pot. Plants were irrigated with full-strength Hoagland's nutrient solution (Hoagland and Arnon, 1950) delivered three times a day. Twenty-eight days after sowing (DAS) that is just before R1, twelve plants from each cultivar were moved into SPAR units, set at 29/21 °C and arranged in four rows with 25 cm between rows and three plants per row with 16.6 cm between plants. Two days after transferring plants into the SPAR units, the five temperature levels were imposed and maintained until maturity ( Table 1 ). The carbon dioxide concentrations (CO 2 ) in all units were maintained at 400-µmol mol -1 CO 2 . The SPAR [CO 2 ] was measured and adjusted with a dedicated infrared gas analyzer (Model LI-6252, LICOR Biosciences, Lincoln, NE) from gas samples drawn through the lines run underground to the adjacent laboratory using suction pumps (Model DOA-P707-AA, Gast Manufacturing Inc., Benton Harbor, MI) ( Table 1 ; Reddy et al., 2001) .
Yield Components and Seed Quality Measurements
The experiment was terminated at seed maturity (R8 stage), 120 DAS. Seed were separated from the pods manually, and dry weight was recorded. The total number of seed was counted using a seed counter (NP5056-Model 850-2, LiCOR Inc.). Individual seed weight was determined by dividing the plant seed weight from seed number per plant. Plant parts including stem, leaf, and root were dried in an oven at 85 °C for 72-h. The total plant weight was estimated by summing up of all plant-component dry weights. At the harvest, pods were collected, airdried at room temperature, and seeds separated manually and weighted. The seed were used for further qualitative quality analysis.
Seed protein and oil contents were measured using near-infrared spectroscopy (Wilcox and Shibles, 2001 ) using a diode array feed analyzer AD 7200 (Perten, Springfield, IL) at the USDA-ARS Crop Genetics Research Unit, Stoneville, MS, USA. Perten's Thermo Galactic Grams PLS IQ software was used (Bellaloui et al., 2012) to generate calibration equations, and the curves were established according to AOAC (1990a, b) methods. Analyses of fatty acids were performed based on an oil basis (Bellaloui et al., 2009; Wilcox and Shibles, 2001) .
Seed carbohydrate concentrations were determined using near-infrared reflectance (AD 7200, Perten, Springfield, IL) according to the procedure described by Bellaloui et al. (2009) and Wilcox and Shibles (2001) . Seed sugars, sucrose, raffinose, and stachyose, were analyzed as per the methods described by Boydak et al. (2002) and Wilcox and Shibles (2001) and expressed based on a seed dry weight.
Data Analysis
The experiment layout was completely randomized design with two factors and twelve replications. Data were analyzed using SAS program with PROC GLM model two way analysis, and Fisher protected LSD tests at P = 0.05 was used to determining the significance of treatment effects (SAS Institute Inc., Cary, NC). Sigma Plot 13.0 (Systat Software Inc., San Jose, CA) was used for fitting linear and quadratic regression analysis and the best-fit regression models were selected based on R 2 values.
RESULTS AND DISCUSSION
In the present study, the effects of day/night temperature regimes on yield and seed quality when imposed from the first flower through seed maturity was determined for two soybean cultivars. The measured day/night temperature was not different between two cultivars within a treatment but differed among the treatments, so the average temperature was used for regression analysis (Table 1) .
Biomass, Seed Yield, and Developmental Rate
For total plant dry weight, there was a temperature x cultivar interaction, but for individual seed weight, only the temperature main effect was significant (Table 2 ; Fig. 1 ). PR acquired more biomass than AG under cooler conditions, while biomass accumulation was similar between cultivars on or above 25 °C. Conversely, when pooled over cultivar, individual seed weight was negatively correlated with temperature and decreased at a rate of 2.6% for 1 °C -1 . These results are in agreement with others who reported that plants exposed to high temperature during reproductive growth produce smaller and abnormally shaped seeds (Thomas and Raper 1977; Sionit et al., 1987; Gibson and Mullen, 1996) .
For seed yield, there was a cultivar by temperature interaction (Table 2 , Fig. 1C ). The optimum temperature for maximum seed yield was 25.5 and 23.0 °C for AG and PR, respectively. Lower seed yield was observed in both the cultivars at lowest temperature tested, 20/12 °C, but the decline in seed yield at the high temperatures was much greater in PR than AG (Fig. 1C ). Since there were differences for individual seed weight among the temperature treatments except for the high temperature-grown plants, the seed yield differences were mostly from retained pods and seed produced at those treatments. Gibson and Mullen (1996) showed that exposing soybean plants to high-temperature treatment, 35 °C (day/night mean temperature), from flowering to maturity reduced the seed yield by 27% compared with 30 °C, which was less than the results observed in the present study, 32 and 67% for AG and PR, respectively. However, the difference between the studies could be due to the differences in optimum and maximum temperatures used in the studies where the present study compared the seed yield at 25 °C optimum against 33 °C highest day/night mean temperature.
The time for flowering to maturity for both the cultivars decreased quadratically with increasing average temperatures. It reached the lowest point at optimum 28 °C and then slightly increased ( Fig. 2A ). Plants were grown at the highest temperature treatment, 37/29 °C, lowered the flowering to maturity time by 15 and 10 d for AG and PR, respectively when compared with lowest-temperature treatment, 21/13 °C tested in this study. AG had an average of nine days longer flowering to maturity time across all temperature treatments compared with PR. Longest flowering to maturity time observed at 21/13 °C for AG was 89 days; however, shortest flowering to maturity time was 64 days for PR at 33/25 °C. Developmental rate rapidly increased with increasing temperature treatments for both cultivars until optimum temperature, 28 °C, and then slightly decreased (Fig. 2B ). PR had a higher developmental rate compared with AG. The maximum developmental rate was 0.015 d -1 , and it was observed at 29/21, 33/25, and 37/29 °C for PR; however, the minimum developmental rate was 0.011 d -1 for AG at 21/13 °C.
Seed Protein and Oil
The protein concentration showed no significant difference between the cultivars (P > 0.05), and it decreased quadratically (R 2 = 0.35) with increasing temperature up to 25 °C and slightly increased at the two higher temperatures (Fig. 3A ). Temperature and cultivar interaction were significant (P ≤ 0.05). The lowest (21/13 °C) and the highest (37/29 °C) temperature had the highest protein concentration, followed by the other treatments. The protein concentration under the wide range of temperature treatment was 408 to 438 g kg −1 , which was consistent with the range reported in the previous studies (Wilson, 2004; Gao et al., 2009 ). Similar to the present finding, Wolf et al. (1982) and Pipolo et al. (2004) found that temperature had a significant effect on the protein concentration of soybean and reported increased protein concentration at low and high temperature while low protein concentration was observed at an average temperature around 25 °C.
Similarly, in a geographic variation effect on soybean seed protein concentration for a large number of data using the SOYGRO model, Piper and Boote (1999) found that increasing temperature during soybean seed filling decreased protein concentration quadratically from 14.6 to 28.7 °C, which is less than the range used in the present study. Soybean protein concentration is subject to some factors in addition to temperature, including nitrogen uptake, photoperiod, and oil concentration. Since the present study provided optimum water and nutrient at all temperature treatments for plants grown in sunlit conditions with the same photoperiod, the oil synthesis at different temperature seems to be a direct impact on protein concentration because the negative relationship was observed at previous studies (Wolf et al., 1982; Filho et al., 2001) .
Oil is important to the soybean industry because of its high economic value as a source of a major renewable feedstock for biodiesel production and edible oil. In this study, regardless of the cultivar effect, there was a significant increase in oil concentration due to temperature increment up to optimum, 25 °C, and then declined with further increasing temperature, or in other words, the higher oil concentration was observed at optimum compared with low and hightemperature treatments. Under optimum temperature, oil concentration ranged from 194-201g kg -1 (Fig. 3B ), which is near or equal to the minimum value of 20% required by the industry (Wilson, 2004) . Quadratic response function best described the relationship between oil concentration and temperature treatments with R 2 = 0.72, which is in agreement with Piper and Boote (1999) . At low, 21/13 °C and high, 37/29 °C, temperature treatments, the low oil concentration was observed. On an average, soybean seed oil concentration at 33/25 °C was higher by 17, 11, 1, and 16% than soybean seed oil content at 21/13, 25/17, 29/21, and 37/29 °C, respectively. The higher oil concentration at 33/25 °C could be associated with a decrease in protein concentration because this relationship is the result of summing protein and oil components as part of the total seed components. Therefore, the increase in oil concentration at the optimum temperature for oil synthesis may be associated with a decrease in protein concentration at the same temperature. Similar to our findings, in a meta-analysis of environmental study by Rotundo and Westgate (2009) found that soybean oil concentration had a relative negative response to temperature. Seed oil concentration correlates with other seed composition parameters such as seed yield and protein concentration. The negative relationship between protein and oil contents poses a difficult task for the plant breeder who wishes to increase oil content in soybean seed while maintaining a high percentage of protein. Low and high temperatures were associated with a higher amount of protein content ( Fig. 2A) and less amount of oil (Fig. 2B ), as exhibited in previous studies (Wolf et al., 1982; Dornbos and Mullen, 1992; Ren et al., 2009; Khan et al., 2011) . Soybean seed oil and protein contents showed an inverse relationship also under soil moisture stress (Bellaloui et al., 2009; Wijewardana et al., 2018b ) that could be due to either a single pleiotropic effect of quantitative trait locus (QTL)s or the pair of tightly linked QTLs giving rise to low oil-high protein or low protein-high oil (Specht et al., 2001) . Wolf et al. (1982) reported that acid composition in soybean seed was extremely impacted by temperature during seed maturation. Saturated fatty acid, palmitic and stearic acid, concentrations in seed oil showed quadratic trends with temperature treatments (Fig. 4A and B ). Palmitic and stearic acid concentration increased with temperature treatments for both the cultivars up to 29/21 °C treatment and then declined when temperature increased further. Temperature and cultivar interaction showed a significant difference (P ≤ 0.05) for palmitic acid concentration but not for stearic acid. Palmitic acid decreased by 21, 10, 13, and 24% when soybean cultivars were grown at 21/13, 25/17, 33/25, and 37/29 °C, respectively, compared with soybean cultivars grown at 29/21 °C. Hou et al. (2006) reported that high temperature during seed filling period was responsible for increasing the saturated fatty acid concentration in soybean. Stearic acid, also decreased by 20, 11, 2, and 3% when soybean cultivars were grown at 21/13, 25/17, 33/25, and 37/29 °C, respectively, compared with soybean cultivars grown at 29/21 °C. The effects of temperature on palmitic and stearic acid concentrations could be due to the temperature changes that influence enzymes controlling the accumulation and conversion of fatty acids (desaturases) (Lanna et al., 2005) . The higher activity of desaturase enzymes at lower temperatures and reduced activity at increased temperature (Hou et al., 2006) would lead to the change in saturated fatty acids, as our data confirmed. In general, fatty acids often depend on environmental factors, and the temperature is one of the most important factors that can impact fatty acid concentration.
Seed Fatty Acids
Unsaturated fatty acids including oleic, linolenic, and linoleic acid were significantly impacted by temperature as well as a significant difference was observed between soybean cultivars regarding oleic and linoleic acids. However, no significant difference was found for linolenic acid between the cultivars (Table 2 ). Temperature and cultivar interaction indicated a significant (P ≤ 0.05) effect on oleic acid and linolenic acid. Howell and Collins (1958) reported that environmental factors had an impact on fatty acids, especially, unsaturated types. In this study, oleic acid in soybean seed for both the cultivars stabilized when temperature increased from 21/13 to 29/21 °C and then increased quadratically with increasing temperature treatments (Fig. 5A) ; however, Thomas et al. (2003) showed that oleic acid concentration slightly affected by temperatures between 28/18 and 36/26 °C and then rapidly increased with further increase in temperature. Wolf et al. (1982) found that oleic acid was 13.1% at cool condition (18/13 °C) and increased to 38.7% at hot condition (33/28 °C) with a sharp increase equal to 196%. In the present study, oleic acid was 15.5% at lowest temperature treatment (21/13 °C) for both cultivars and increased to 22.6% for AG and 29.4% for PR at higher temperature treatment (37/29 °C) with an increase of 31.4 and 47.3% for AG and PR, respectively. A higher correlation was observed between temperature and oleic acid concentration with R 2 = 0.94 for AG and 0.99 for PR. Elevated air temperature during reproductive growth stages contributed to increased soybean oleic acid (Dornbos and Mullen, 1992) . On average, PR had a higher oleic acid compared with AG. Fernandez-Moya et al. (2002) found a similar result for oleic acid in sunflower, Gibson, and Mullen (1996) in soybean.
Soybean linolenic acid concentration decreased linearly with increasing temperature for both cultivars. A negative correlation (R 2 = 0.74) was observed between linolenic acid and temperature (Fig. 5B ). Linoleic acid reduced by temperature treatment and the highest reduction was observed at 33/28 °C (Wolf et al., 1982) . The fatty acid composition could vary during seed formation due to several factors, such as genotype and environment factors. In this experiment, linolenic acid concentration ranged between 58 to 108 g kg -1 , and the respective values were observed at 37/29 and 21/13 °C. Linoleic acid decreased quadratically with increasing temperature treatments, and R 2 was 0.85 for AG and 0.96 for PR (Fig. 5C) . The low concentration of linolenic acid was associated with a low concentration of linoleic acid and a high concentration of oleic acid (Rennle and Tanner, 1989) , which is similar to what was observed in this study. On average, AG had a higher linoleic acid concentration compared with PR. The high concentration of linoleic acid was found at low-temperature treatment, 21/13 °C, and the linoleic acid content was increased by 2, 3, 3, and 6 % for AG and 1, 1, 4, and 11 PR compared with soybean grown at 25/17, 29/21, 33/25, and 37/29 °C, respectively. Linoleic acid concentration ranged between 561 to 600 g kg -1 for AG and 528 to 591 g kg -1 for PR, and those were observed at 37/29 and 21/13 °C, respectively. Wilcox and Cavins (1992) reported that linolenic acid was the most responsive to temperature compared with other five fatty acids, and it decreased linearly with increasing temperature.
Oleic, linoleic, and linolenic acids are 18 carbon unsaturated fatty acids, containing one, two, and three cis double bonds interrupted by a methylene group, respectively (Lanna et al., 2005) . Most of the polyunsaturated fatty acids including linoleic and linolenic acids production in developing soybean seeds occur via desaturation in the endoplasmic reticulum using phosphatidylcholine (PC) as the substrate for the desaturases (Somerville and Browse, 1991) . Due to reduced desaturase activity at high temperature, polyunsaturated fatty acids may decrease with increasing temperature. At higher temperatures (30-35 °C) , ω-6 desaturase enzyme, encoded by the FAD2-1A gene was degraded, and oleyl and linoleyl desaturase activities decreased, possibly, affecting the biosynthesis of unsaturated fatty acids (Cheesbrough, 1989; Tang et al., 2005) . In conclusion, temperature treatment modified soybean fatty acid concentration including saturated and unsaturated fatty acids; therefore, it is important to consider climatic conditions of the growing environment when trying to improve soybean genotypes for oil production.
Seed Sugars
Soluble sugars, especially sucrose, are major sources of energy for fermentation and increase the sweetness of soymilk and tofu (Hou et al., 2009b) . However, some sugars like raffinose and stachyose have a negative effect on soybean seed quality contributing to reduced gastrointestinal performance in animals (Arendt and Zannini, 2013) . In the present study, the temperature during reproductive growth stages and cultivars and their interaction significantly (P ≤ 0.05) affected soybean seed sugar concentrations (Table 2) . Compared with elevated temperature treatment, Thomas et al. (2003) reported that soybean grown at 28/18 °C had a higher percentage of carbohydrate. Quadratic responses were best described the relationship between temperature and soybean seed sugar concentrations. Sucrose concentration decreased with increasing temperature for both cultivars (R 2 = 0.89; Fig. 6A ). Soybean cultivar PR had a higher sucrose concentration compared with AG. High sucrose concentration was found at lowtemperature treatment, 21/13 °C, and it was 59 and 47 g kg -1 for PR and AG, respectively. Hightemperature treatment, 37/29 °C, reduced sucrose about 57% for AG and 60% for PR compared with 21/13 °C. According to Wolf et al. (1982) and Kumar et al. (2010) , soybean sucrose concentration at temperature 18/13 °C was the highest among a higher temperature treatment, which is similar to the present study observation.
On the other hand, soybean raffinose concentration slightly increased with temperature treatment up to 29/21 °C and then slightly decreased for AG; however, for PR, it started high at low temperature, 21/13 °C, and then slightly decreased with increasing temperature treatment (Fig. 6B ). The temperature treatments 18/13 to 33/28 °C did not change soybean raffinose concentration according to Wolf et al. (1982) ; however, in the present study, there was a correlation between raffinose and temperature, and R 2 was 0.58 for AG and 0.88 for PR. On average, PR had a higher raffinose concentration compared with AG, which is in agreement with Kumar et al. (2010) . They reported that raffinose and stachyose concentrations were varied based on the genotype, and it exhibited a small difference between the two cultivars for stachyose concentration at temperatures 33/25 °C and 37/29 °C. The highest stachyose concentration (Fig.  6C ) was recorded at 21/13 °C, 55 mg g -1 while the highest reduction in stachyose concentration recorded at 37/29 °C, 30 mg g -1 . In general, PR had a higher stachyose concentration compared with AG.
CONCLUSIONS
In this study, two cultivars with different growth habit were evaluated for total biomass, seed yield, and seed quality parameters that are important to animal and human consumption. The decline in seed yield was greater than the decline in total biomass at higher temperatures. Temperature treatment modified soybean seed quality parameters such as protein, oil, fatty acid, and sugar concentrations, which are critical to the soybean seed industry and human and animal nutrition. Seed protein concentration showed a quadratic response to temperature with the lowest protein concentration at some middle temperature with higher values at both cool and hot temperatures. Seed oil, on the other hand, increased to an optimum at 25 °C and declined at higher temperatures where the maximum seed oil was close to the point of the lowest protein. There were differences between the cultivars for protein and oil concentrations. Saturated fatty acid concentration increased, and unsaturated fatty acid concentration decreased as temperature increased. Palmitic acid was less at low-and high-temperature treatments, and stearic and oleic acid concentrations increased with increasing temperature treatments. Linolenic and linoleic acids were less at high temperature. These data also emphasize the sensitivity of soybean seed yield and quality to temperature, particularly to higher temperatures and implies the need for heat-tolerant cultivars with better seed quality to meet the industry needs. The temperature and seed quality-dependent functional relationships could be useful to develop new subroutines for many soybean models (FAO, AQUACROP, DSSAT, APSIM, and MONICA; Battisti et al., 2017; GLYCIM; Acock et al., 1999) for field management and in policy applications. However, other factors such soil moisture stress (Wijewardana et al., 2018b) and genetics are needed to be able to predict soybean seed quality more accurately under field conditions. 3.00a 14.61a † Values in each column followed by the same letter are not significantly different (P ≤ 0.05) according to Fisher's LSD. Table 2 . Analysis of variation across the temperatures (T), cultivars (C), and their interaction (T × C) of two soybean cultivar growth and seed quality parameters, measured at the final harvest, 120 days after sowing and 92 days after temperature treatment.
Parameters
Temperature Cultivar Temperature × Cultivar Total plant weight, g plant -1 * ns *** Seed yield, g plant -1 *** *** *** Individual seed weight, g seed -1 * ns ns Protein, g kg -1 *** ns ** Oil, g kg -1 *** ns ** Palmitic acid, g kg -1 *** ns ** Stearic acid, g kg -1 *** ns ns Oleic acid, g kg -1 *** ** *** Linolenic acid, g kg -1 *** ns *** Linoleic acid, g kg -1 ** * ns Sucrose, g kg -1 *** *** ns Raffinose, g kg -1 ** *** * Stachyose, g kg -1 *** *** *** 
